An investigation of bone resorption and Dictyostelium discoideum growth inhibition by bisphosphonate drugs.
We report the results of 3D-QSAR/CoMFA investigations of the activity of bisphosphonate drugs, farnesyl pyrophosphate synthase (FPPSase) inhibitors, in the inhibition of bone resorption as well as the growth of Dictyostelium discoideum. In the case of D. discoideum, we find an experimental versus QSAR predicted pIC(50) R(2) value of 0.94 for 16 bisphosphonates over the 9-1200 microM range of IC(50) values, a cross-validated R(2) = 0.90, and a bootstrapped R(2) = 0.94, and we demonstrate that this approach has predictive utility (a 0.18 pIC(50) rms error for three test sets of 3 predictions). In bone resorption, we find an experimental versus predicted pLED (lowest effective dose) R(2) = 0.79 for 35 bisphosphonates over the 0.0001-1 mg of P/kg LED range, a cross-validated R(2) = 0.75, and a bootstrapped R(2) = 0.79. Two sets of 31 compounds were used as training sets for the predicted pLED values for two sets of 4 compounds which have an rms error of 0.44, larger than that found with D. discoideum. However, this can be attributed to the rather large uncertainties in the experimental bone resorption data which are almost all reported in decade steps (DeltapLED = 1). The CoMFA predicted (rat) bone antiresorptive pLED values are in agreement with literature (human recombinant) FPPSase inhibition results with an rms error of 0.45 (a factor of 2.8 error in activity prediction). We also report the single-crystal X-ray crystallographic structure of the compound most active in D. discoideum growth inhibition, 2-(3-picolyl)-aminomethylene-1,1-bisphosphonic acid. The structure clearly shows the presence of bond length alternation in the picolyl ring and a planar amino group linked by a very short (1.346 A) bond to the picolyl group, an amidinium-like structure which is also expected to occur in other highly active species such as minodronate and zoledronate. Overall, these results show that it is now possible to predict the activity of bisphosphonates using 3D-QSAR/CoMFA methods, although bone resorption studies should benefit from additional, accurate information on enzyme inhibition.